Abstract Background. A very few cases of biopsy-proven tubulointerstitial nephritis (TIN) in patients with primary biliary cirrhosis (PBC) have been reported. Although the clinical importance of this association has been suggested, information on its clinicopathological features and prognosis is limited. Methods. We reviewed 5955 renal biopsies processed at our department, and identified four patients with TIN associated with asymptomatic PBC. We evaluated clinicopathological features and outcomes in these patients, and reviewed the previously reported cases of TIN associated with PBC. Results. Our four patients were female. The patients' age at the time of renal biopsy ranged from 36 to 77. Three patients had been treated with ursodeoxycholic acid. All patients had urinary abnormalities such as proteinuria and elevated levels of urinary β 2 -microglobulin, and three patients had renal insufficiency. All patients had distal renal [2] . Tubulointerstitial nephritis (TIN) is an inflammatory disease characterized by lymphocyte infiltration in tubules and interstitium. Chronic TIN is occasionally associated with various immunological disorders such as Sjögren syndrome [3] . Macdougall et al. [4] first reported a case of TIN with PBC in 1987. Thereafter, five similar cases, including our case, have been described in the English literature [5] [6] [7] [8] . Although the clinical importance of this association has been suggested, information on its clinicopathological features and prognosis is limited.
In the present study, we reviewed 5955 renal biopsies processed at our department, and identified four patients with TIN associated with PBC. We evaluated clinicopathological features and outcomes in these patients.
Materials and methods

Patients
This study was based on the renal histological records (1979-2009) of 5955 patients studied at Akita University Hospital and its affiliated hospitals. PBC diagnosis was defined based on the presence of at least three of the following criteria [1, 7] : (i) serum alkaline phosphatase or γ-glutamyl transpeptidase level greater than the upper limit of normal; (ii) positive anti-mitochondrial antibodies at titres of ×40 or greater on immunofluorescence study or positive anti-M2 antibodies by enzyme immunoassay; (iii) increased serum IgM level; (iv) absence of biliary obstruction by means of ultrasonography, computed tomography or cholangiography; or (v) compatible liver biopsy. There were four patients with TIN associated with asymptomatic PBC.
Clinical and laboratory information was obtained on each patient at the time of renal biopsy. Follow-up information was obtained in all patients. Distal RTA was defined as a normal anion gap metabolic acidosis with urinary pH persistently >6.0 [2] . Fanconi syndrome was defined by the co-existence of hypokalaemia, hypophosphataemia, metabolic acidosis, normoglycaemic glycosuria and pan-aminoaciduria [7] . Renal insufficiency was defined as serum creatinine of >1.2 mg/dL or an estimated glomerular filtration rate (eGFR) [9] of <60 mL/min/1.73 m 2 .
Pathological studies
Renal biopsy specimens were processed using standard techniques for light and immunofluorescence microscopy.
Results
Clinical features
Clinical features in our four patients with TIN associated with PBC are summarized in Table 1 . All patients were females. The median age at the time of renal biopsy was 58 years (range 36-77). Three patients (Patient 2-4) had been given a diagnosis of PBC 7-27 years before their referral to the nephrologists, and treated with ursodeoxycholic acid. They had no symptoms linked to PBC, but were found to have urinary abnormalities during the follow-up period. The remaining one (Patient 1) was found to have urinary abnormalities by a medical check-up. Proteinuria, glycosuria, and elevated levels of urinary β 2 -microglobulin and N-acetyl-β-D-glucosaminidase were common abnormal findings. Three patients had renal insufficiency. All patients had distal RTA, and two patients (Patient 2 and 4) had Fanconi syndrome. Different functional tests performed in Patient 1 showed a pattern of distal RTA with bicarbonate wasting [10] : urine pH was persistently >6.0 after ammonium chloride loading, and fractional excretion of bicarbonate was 8.0% after sodium bicarbonate loading. Increased serum levels of alkaline phosphatase and IgM were found in three patients. All patients had positive anti-mitochondrial antibodies or positive anti-M2 antibodies in the serum. Liver biopsy findings performed in three patients (Patient 1-3) were consistent with those of PBC. All patients had no symptoms linked to PBC.
All patients were treated with middle-dose steroid (25-30 mg/day of prednisolone for 4-8 weeks). Thereafter, prednisolone was tapered gradually. All patients responded well to steroid therapy: they had improved or stable renal function (for 0.5-16 years) with decreased urinary β 2 -microglobulin levels at the last follow-up.
Pathological features
Renal biopsy findings in our four patients with TIN associated with PBC are summarized in Table 2 . Similar pathological findings were observed in all cases: renal biopsy findings in Patient 4 are shown in Figure 1 . Light microscopy showed minor glomerular abnormalities or mild mesangial proliferation. On the contrary, severe lymphocyte infiltration in the tubules (with tubulitis) and interstitium was observed. Tubular atrophy and fibrosis were mild-to-moderate. Vascular disease was absent or mild. Immunofluorescence studies revealed glomerular staining for IgM in the mesangium and/or along the capillary walls in three patients.
Discussion
PBC is a chronic progressive cholestatic liver disease of unknown cause. Accumulated evidence suggests that cellular and humoral immunological abnormalities might cause the disease [1] . Several extrahepatic disorders closely associated with PBC are known. As renal involvement with clinical significance, TIN has rarely been described [4] [5] [6] [7] [8] . Table 3 summarizes previously reported cases and our cases of biopsy-proven TIN in nine patients with PBC. The median age was 56 years (range 36-68). All pa- d In this patient, antibodies to branched-chain α-keto acid dehydrogenase complex (BCKD) were detected by immunoblot [6] . At that time, the enzyme immunoassay system did not use BCKD as a specific antigen.
tients were females. Manifestations at the time of renal biopsy were hypokalaemia, bone pains, bone fractures and urine abnormalities. Eight patients had renal insufficiency, five patients had distal RTA and five patients had Fanconi syndrome. Osteomalacia caused by Fanconi syndrome was considered in two patients with bone pains or bone fractures [7, 8] . All patients were treated with steroids. Good responses or transient improvements were observed in seven patients. In the remaining two patients, steroid therapy was ineffective: progressed glomerular sclerosis and interstitial fibrosis were observed in these patients [5, 7] . Our four patients showing good response to steroid therapy had severe tubulointerstitial cell infiltration with tubulitis, but glomerular sclerosis and interstitial fibrosis were not progressed. There were no abnormal findings on immunofluorescence stainings in two previously reported cases [5, 8] . In our three patients, glomerular IgM deposits were observed in the mesangium and/or along the capillary walls. This finding might be non-specific, because glomerular alterations were minor or mild. Parés et al. [2] showed that one-third of patients with PBC had an incomplete RTA without clinical consequence, and suggested a distal localization of the acidification defect. All our patients had distal RTA. The results of functional tests in Patient 1 suggested distal dominant tubular dysfunction [10] . In addition, Lino et al. [7] reported the first two cases with TIN and Fanconi syndrome (non-selective proximal tubular defects [10] ), and proposed that these complications should be added to the spectrum of renal diseases associated with PBC. A review of the literature and our cases support the clinical importance of their proposal. Bando et al. [11] recently reported a case of very severe osteomalacia with Fanconi syndrome and PBC.
In summary, TIN and RTA of different types are extremely rare but important extrahepatic complications of PBC. To find these complications at an early stage, careful patient monitoring including urinalysis and periodic measurement of routine chemistries are necessary. If patients with PBC show urine abnormalities, such as tubular proteinuria and glycosuria and hypokalaemia, arterial blood gas analysis and renal biopsy should be considered. Steroid therapy can be beneficial in treating these renal complications. Previously reported by Kodama et al. [6] . 
